S SU UM MM MA AR RY Y
In this study, we reviewed the records of patients who were referred to our endocrinology and metabolic diseases department between the years 1992 and 2000, because of adrenal incidentalomas. There were a total of 62 patients (female/male: 3.43) between the ages of 23 and 73 years (median: 46.25 years). All were being evaluated for problems unrelated to adrenals at the time of diagnosis. Adrenal tumors were detected by either abdominal ultrasonography (39 cases, 62.9%), abdominal CT (18 cases, 29.0%), or thoracic CT (5 cases 8.0%). All were subsequently evaluated by surrenal CT and 17 (27.4%) were also evaluated by MRI. Adrenal masses were unilateral in 60 patients (right/left:1.31). The sizes ranged between 1 and 18 cm (mean 3.84cm). Twenty eight of them (45.1%) were larger than 4 cm in diameter. Of the patients with incidentalomas, 36 (58.0%) patients had concomitant hypertension, 28 (45.1%) had type 2 diabetes mellitus and 23 (37.0%) had a body mass index >25 kg/m 2 . Six (9.6%) cases were diagnosed as subclinical Cushing's syndrome. The diagnosis was made by at least two abnormal test results evaluating pituitary -adrenal function. Most common abnormality was the lack of dexamethasone suppressibility. Two (3.2%) patients were diagnosed as primary hyperaldosteronism. Of the 9 that were operated for malignancy 5 (55.6%) were pathologically evaluated as adrenocortical carcinomas. A total of 32 patients were operated. The pathology reports were as follows: Adrenocortical adenoma (9; 28.1%), adrenal nodular hyperplasia (4; 12.5%), adrenocortical carcinoma (5; 15.6%), pheochromocytoma (2; 6.3%), myelolipoma (6; 18.8%), adrenal cyst (2; 6.3%), lymphangioma (1; 3.1%), hemangioma (1; 3.1%) and non-tumoral formation (2; 6.3%). The size of carcinomas ranged from 5 to 18 cm, while the size of nonmalignant tumors ranged from 1 to 8.3 cm.
In conclusion all adrenal incidentalomas should be evaluated for malignancy and subclinical hormone production. It is prudent to operate cases with hormone overproduction, masses >4 cm and masses with radiological stigmata of malignancy. Others should be followed for subsequent changes in hormone production or size.
K Ke ey y W Wo or rd ds s: : Adrenal Gland, Incidentaloma, Subclinical Cushing's Syndrome.
Ö ÖZ ZE ET T
A Ad dr re en na al l İ İn ns si id de en nt ta al lo om ma al li i V Va ak ka al la ar r: : 6 62 2 H Ha as st ta an nı ın n K Kl li in ni ik k, , L La ab bo or ra at tu uv va ar r v ve e G Gö ör rü ün nt tü ül le em me e Ö Öz ze el ll li ik kl le er ri i Adrenal incidentalomas are adrenal masses larger than 1 cm, detected during a non-invasive imaging study for a non-adrenal complaint. In a study by Barzon et al, the most common reasons for the imaging study were found to be nonspecific abdominal pain (29%), follow-up investigations for several diseases (%12), and hepatocholecystopathy (12%), followed by postoperative follow-up (11%), lumbar pain (%7), nephropathy (5%)... etc (1) . However, when re-evaluated retrospectively, many patients were found to have symptoms and signs of an adrenal pathology. The definition of adrenal incidentaloma, covers a wide clinical spectrum: adrenocortical and medullary tumors, benign or malign lesions, hormonally active and inactive lesions, metastasis, infections or granulomatous lesions (1) (2) (3) (4) (5) .
During the recent years, with frequent employment of higher resolution, non-invasive imaging techniques, the problem of detection of previously unnoticed masses have risen. Prevalence has been reported to be 0.35-4.4 % with computed tomography, while it is 1.4-5.7 % in autopsy series (2) . Published data report that about 10 % of the cases are bilateral (5) . Bilateral incidentalomas should arise the possibility of a metastatic disease, congenital adrenal hyperplasia, lymphoma, infection (tuberculosis, fungi), hemorrhage, ACTH dependent Cushing's syndrome, pheochromocytoma, amyloidosis and infiltrating diseases of the adrenals (6).
Incidentally discovered adrenal masses are fairly common, however there are some controversies concerning the interpretation of hormonal studies and the methods of management. Although the majority of masses are non-secretory adrenocortical adenomas, some may be a primary or a metastatic malignancy of the adrenals, or may have minor undetected endocrine findings or subclinical hypersecretory function. Management of adrenal masses is aimed at differentiating malign from benign masses, and functional adenomas from nonfunctional masses (1) . For this, imaging characteristics of the masses and hormonal panels are utilized.
In this study we summarize the clinical, laboratory and imaging characteristics of a group of Turkish patients that were evaluated for incidentally detected adrenal masses. Results of pathology studies are included where possible.
P Pa at ti ie en nt ts s a an nd d M Me et th ho od ds s
We reviewed the hospital records of patients who were referred to the Department of Endocrinology and Metabolic Diseases of Ankara University, School of Medicine, Ibn-i Sina Hospital (Ankara, Turkey) between the years of 1992 and 2000, because of adrenal tumors incidentally found during radiological imaging for non-adrenal complaints.
Hospital records were retrospectively examined for clinical, laboratory and radiological evaluation of patients. In addition to a routine systemic oncological screening results, endocrine tests evaluating pituitary -adrenal function (basal plasma concentrations of ACTH, cortisol, urinary free cortisol levels, 1 mg, 2 mg, and 8 mg dexamethasone suppression tests), serum potassium concentrations, 24 hour urinary VMA and metanephrine values; ultrasound, CT and MRI results; pathology reports of operated cases were recorded.
Normal circadian rhythm was defined when the cortisol levels decreased by 50% in the evening. One mg and 2 mg dexamethasone suppression tests were performed as overnight tests. Morning plasma cortisol levels <5 mg/dl as a response were accepted as normal. Eight mg dexamethasone suppression test was performed by administration of 2 mg dexamethasone every 6 hours for two days and collection of 24-hour urine sample on the second day. A decrease in the urinary free cortisol level to more than 50 % of the basal value, was accepted as normal. This test was performed only when there was a clinical suspicion of Cushing's syndrome.
Surgery was performed when the mass was found to be hormonally active, was over 3-4 cm in diameter, clinical suspicion of a malignancy was high or, in one case, an operation for cholecystectomy was being planned.
There were a total of 62 patients (female/male ratio: 3.43) between the ages of 23 and 73 years (median: 46.25). All patients were being evaluated for problems unrelated to adrenal glands at the time of diagnosis. Of them, 17 (27.4%) were being evaluated for gastrointestinal complaints, 11 (17.7 %) for nonspecific lumbar pain, 9 (14.5 %) for respiratory problems, 8 (12.9 %) for newly diagnosed mild hypertension -excluding cases with hypokalemia-, 5 ( 8.0 %) for urological complaints, 12 (19.3 %) for other reasons.
The gastrointestinal symptoms and signs that prompted an investigation were abdominal pain, cholelithiasis, spastic colon, dyspepsia, dysphagia, abdominal bloating, hematochesia. Respiratory symptoms and signs that prompted an imaging study were chest pain, dyspnea, pleurisy, cough, and right lower lobe atelectasis on chest X-ray. Urolithiasis, renal colic, polyuria were the urological complaints prompting an imaging study. Other patients were being evaluated for an elevated erythrocyte sedimentation rate, gluteal abscess, multiple myeloma, pregnancy, rheumatoid arthritis, hermaphroditism, iron deficiency anemia, Meniere's disease, abdominal cramps, hoarseness or irregular menses (none had typical symptoms or signs of adrenal pathology).
Adrenal tumors were detected by either abdominal ultrasonography (39 cases, 62.9%), abdominal computed tomography (CT) (18 cases, 29.0%), or thoracic CT (5 cases, 8.0%). All lesions were subsequently evaluated by a surrenal CT and 17 cases (27.4%) were also evaluated by magnetic resonance imaging (MRI).
R Re es su ul lt ts s
Adrenal masses were unilateral in 60 patients ( 96.8%). Right to left ratio was found to be 1.31. The size of masses ranged between 1cm and 18 cm (mean 3.84). Records revealed that 36 (58.0%) patients had concomitant hypertension, 28 patients (45.1%) had diabetes and 23 patients ( 37.0%) were obese (had a body mass index > 25 kg/m 2 ). Of the adrenal masses, 28 (45.1%) were larger than 4 cm.
Six cases (10.0%) were diagnosed as subclinical Cushing's syndrome (Records of one patient were unavailable). The diagnosis of subclinical Cushing's syndrome was made by at least two abnormal test results evaluating pituitary -adrenal function. Most common abnormality was the lack of dexamethasone suppressibility with 1 mg or 2 mg overnight dexamethasone testing (100%). Diurnal variation was absent in three patients. Early morning cortisol level was higher than normal in one patient.
Two cases (3 %) were diagnosed as pheochromocytoma. Urinary catecholamine excretion was increased only in 1 patient. He was operated and the pathology report was pheochromocytoma. The other case was diagnosed as pheochromocytoma after surgical excision. This patient was an example for the silent or subclinical pheochromocytoma because of the lack of clinical and laboratory signs for the usual pheochromocytoma cases.
Two cases (3 %) were diagnosed as primary hyperaldosteronism. One was a 38-year-old women with a mass detected during pregnancy follow-up visits. She had hypertension that was regulated with doxazosin 2 mg bid. Serum potassium levels were 3.8 and 4.1mEq/L. Ratio of standing plasma concentration of aldosterone to plasma renin activity (PCA/PRA) was 47.2 and 61.17 on different occasions. The other case was a 46 year-old women who was found to have a mass during regular check-up examinations. She also had a ratio of PCA/PRA over 50.
Eleven cases (18 %) were clinically evaluated as malignancy. Of the nine that were operated, 5 F Fi ig gu ur re e 2 2: : Clinical diagnosis of our patients (numbers in parenthesis denote mean sizes) F Fi ig gu ur re e 3 3: : Histopathological diagnosis of patients who underwent operation (numbers in parenthesis denote mean sizes) (56 %) were pathologically evaluated as adrenocortical carcinomas. The others were reported to be an inflammatory mass, lymphangioma, necrotic material with foci of calcification, and nodular adrenal hyperplasia. Of the eleven patients one refused the operation, and the other could not be operated because of comorbidities.
A total of 32 patients were operated. The pathological findings were adrenocortical adenoma (9 cases, 28.1 %), adrenal nodular hyperplasia (4 cases, 12.5%), adrenal carcinoma (5 cases, 15.6%), pheochromocytoma (2 cases, 6.3 %), myelolipoma (6 cases, 18.8 %), adrenal cyst (2 cases, 6.3 %), lymphangioma (1 case, 3.1 %), hemangioma (1 case, 3.1 %) and nontumoral formations (2 cases, 6.3 %). Of the incidentalomas that were operated, the size of carcinomas ranged from 5 to 18 cm (mean 8.8 cm), while the size of nonmalignant tumors ranged from 1.5 to 8.3 cm (mean 4.2 cm).
D Di is sc cu us ss si io on n
Adrenal incidentalomas have become a great concern recently, since the advent of newer imaging modalities can detect clinically insignificant masses even more frequently. This study was one of the largest series in Turkey evaluating adrenal incidentalomas. There was a total of 62 cases, of which 2 presented with bilateral masses.
More than half of the cases were older than 50 years. Some studies have reported that incidence of nodules increased with age (7). Compensatory response to local ischemia and atrophy due to vascular changes with age, was the suggested pathogenic mechanism for this (8) . As well, more imaging studies required from elderly patients compared to young, increased the chance of detection of a silent adrenal mass (5).
The finding that more women were detected with incidentalomas was also reported in an Italian series, and it was explained by the fact that, abdominal investigations are more frequently obtained for women than men because of more common hepatobiliary and pelvic disease, as the autopsy series revealed comparable frequencies of incidentalomas in men (8) .
Most incidentalomas were detected by ultrasonography. This was explained by the fact that, it is the choice of study for many abdominal pathologies as it is easy to perform and cheaper. In our patients the incidentalomas tended to be on the right side (54.8 %). In the Italian series of adrenal incidentalomas, masses in the right adrenal were also more common. This finding was related to better visualization of the right adrenal gland by ultrasonography, which was the most commonly utilized imaging modality (5, 8) .
Reported data reveal that while 67-94 % of adrenal incidentalomas are silent, nonfunctioning adenomas, a considerable number of incidentalomas may show hormonal activity without any clinical symptoms or signs (5). Endocrine abnormalities have been reported in many adrenal incidentaloma cases (1). This is important to bear in mind during clinical practice, as hormone excess syndromes (hypercortisolism, aldosteronism, pheochromocytoma) cause significant morbidity (1) . Therefore first step in evaluating an adrenal mass is to determine if it bears hormonal activity or not.
Most patients with adrenal incidentalomas may have slight excess of cortisol secretion that may only slightly affect one of the tests, and not have clinical signs of hypercortisolism. Subclinical Cushing's syndrome is diagnosed in patients with no signs of Cushing's syndrome but laboratory evidence of hypercortisolism affecting two or more laboratory tests (1, 8) . Daily cortisol production is within normal limits, but diurnal variation is lost and plasma levels of cortisol cannot be suppressed by dexamethasone (9) . In different series, adrenal incidentaloma cases with a diagnosis of subclinical Cushing's syndrome were reported to have decreased basal ACTH in 5-34 %, loss of diurnal rhythm in 8-20 %, increased urinary free cortisol in 0-21 %, increased plasma cortisol level in 0-12 % (3,4) . Some have reported that decreased levels of DHEA-S were due to suppression by increased levels of cortisol, and therefore related to a benign tumoral mass, however this finding was not confirmed by other studies (1) . Dynamic studies of the pituitary-adrenal axis includes dexamethasone suppressibility tests. One mg dexamethasone test is reported to have a high incidence of false positive results (1) . With this test, lack of suppression is observed in 12-20 % of patients with adrenal incidentalomas (3, 4) . Therefore it is recommended as a screening test. When the patients are found to be positive, high dose dexamethasone suppression tests should be performed (1, 10) . Some authors recommend repeat testing with 1 mg dexamethasone during follow-up, if initially negative. Subclinical Cushing's syndrome was diagnosed in six of our patients. In concordance with the published data, it was the most common endocrine abnormality in our patients with incidentalomas. Diagnosis of subclinical Cushing's syndrome was made on the basis of two abnormal laboratory test results concerning the pituitary-adrenal axis. Most common abnormality detected was the lack of dexamethasone suppressibility.
Although typical hypercortisolism findings are not present, patients with subclinical Cushing's syndrome are frequently reported to have a higher incidence of hypertension, diabetes mellitus, obesity, and altered bone metabolism (1, 6, 9, 11) . Diabetes mellitus, hypertension and obesity are common problems in the elderly population in Turkey. Hypertension is commonly accepted as essential unless it has an abrupt; early or late onset. Many cases of diabetes are under-diagnosed, and obesity is only recently being recognized as a metabolic disease. Therefore, many cases of subclinical Cushing's syndrome probably pass undetected, unless an imaging study for another reason is performed. In our series of patients, more patients with subclinical Cushing's syndrome had either hypertension or diabetes mellitus compared to patients with non-secretory adenomas or carcinomas. This could be due to slightly higher levels of cortisol as well as a higher mean age of the patient population (median age: 60.6 years).
In the light of the present data, whether progression to overt Cushing's syndrome is common in those patients is unclear (10, 12) . In the study of Terzolo et al, spontaneous normalization of cortisol levels in 50 % of patients and no progression to overt Cushing's syndrome have been reported (10) . However in another study the hormonal abnormalities have either remained unchanged, or have progressed into clinically overt syndromes (12) . In some series enlargement of the mass and/or increment in hormone excess are reported during follow-up, 0-11% and 0-16% respectively (4, 10, 12).
There are reports that unilateral adrenalectomy improves arterial blood pressure, glycemic regulation and weight loss in patients with subclinical Cushing's syndrome (1, 6, 9, 11) . Some authors therefore, recommend surgical excision for patients with subclinical hypercortisolism, if poor control of hypertension, diabetes, osteoporosis are present (11, 13) . Screening incidentaloma patients for subclinical Cushing's syndrome preoperatively is also important because of the increased risk of adrenal insufficiency postoperatively (14) . Pheochromocytoma was diagnosed in two patients. Both were being investigated for lumbar pain. They were both operated and the diagnosis confirmed pathologically. Pheochromocytoma are the second most common causes of incidentalomas (9) . Autopsy series have revealed that about 76% of pheochromocytoma cases are clinically silent. About 1.5-11% of adrenal incidentalomas are pheochromocytomas (2, 3, 4, 6) . Pheochromocytomas may be difficult to distinguish from carcinomas by radiological methods, and exclusion of possibility of a pheochromocytoma preoperatively is mandatory to prevent fatal complications. Evaluation with 24-hour urinary catecholamine and VMA and metanephrine (catecholamine metabolites) excretion should be performed in each case. Performed together, those tests can diagnose 99% of the cases (1,6). Ito et al have reported that, spot tests for urinary catecholamine and metanephrine levels are also accurate, since secretion rates of metanephrine and normetanephrine are constant (15) .
Primary hyperaldosteronism was diagnosed in two of our patients. Primary hyperaldosteronism is reported to be the most common cause of secondary hypertension in patients not consuming nicotine (6) . However they comprise only 1.5-3.3% of adrenal incidentalomas (3). This is because of early recognition of the signs and symptoms of hyperaldosteronism, even before the mass can be detected (8, 14) . It must be kept in mind that, contrary to the general belief, patients with hyperaldosteronism are frequently normokalemic, probably because of restriction of salt intake (1, 6) . Most specific test is reported to be the ratio of standing plasma concentration of aldosterone to plasma renin activity. Results higher than 20, or PCA higher than 15 ng/dL are considered to be positive (1, 6) . A few patients may have normal levels, but lack suppression of aldosterone by fluodrocortisol (9) .
Of the nine patients who were operated with the clinical suspicion of a malignancy five were confirmed pathologically to be adrenocortical carcinomas. Clinical suspicion of malignancy for an adrenal mass should arise if the mass shows certain features depending on the imaging study undertaken, or if the mass enlarges during the follow-up period (6) . In our series, one patient was operated for an enlarging mass. Other patients had incidentalomas larger than 4 cm, with irregular borders, showed no loss of intensity on T2 sequences with MRI, or low attenuation (density higher than 18 Hounsfield units) on CT which were all in favor of a malignancy (16) .
The size is a major determinant for management of incidentalomas since about 90% of adrenocortical carcinomas are larger than 6 cm (1, 8) . There is a consensus for surgical excision of masses larger than 6 cm (1). However for masses 2.5-5 cm there is still controversies. It is generally accepted that masses over 3-4 cm should be excised (2, 4, 8) . The largest mass in our series was 180 mm and was a 35-year-old male who was diagnosed adrenal carcinoma. In our series, the sizes of carcinomas ranged from 5-18 cm, with a mean of 8.8 cm; while nonmalignant lesions ranged from 1 cm to 8.2 cm with a mean of 4.2 cm. Therefore a cut-off size of 4 cm is reasonable for mass excision, because of an increased risk of malignancy.
Plasma dehydroepiandrosterone (DHEA) is reported to be an efficient method for discriminating adrenal malignancies. However patient records that we evaluated, seldom included DHEA level. This was probably because of recent availability of the test in the laboratory and the diagnosis or exclusion of a malignancy by radiological examinations.
Age distribution showed a tendency towards an older age, 64.5% of patients were over 50 years. Patients with malignant lesions were younger (between 34-48 years, mean: 43.4), compared to patients with adenomas (40-73 years, mean: 60.6). This is in concordance with the previous reports (8) . It is recommended that patients younger than 50 years should also be operated, since the risk of a carcinoma is higher (1).
Scintigraphic studies with 131 I-NP59 is reported to be important in discriminating patients with malignancies. Active lesions are considered to be benign lesions (6) . Cold nodules are either primary or secondary malignancies or mass lesions causing tissue destruction (hemorrhage, cysts, myelolipomas) (17) . It is the preferred method of evaluation in some centers, since they are cost-effective (17, 18) . However it is ineffective in detecting masses smaller than 2 cm (1). It is not used as a routine examination in our center. However 131 I-MIBG scintigraphic studies for medullary masses are performed, when a diagnosis of pheochromocytoma is being considered.
Radiological findings were the most accurate for myelolipomas, which are benign masses of composed of adipose tissue and hemopoietic tissue. Therefore they can easily be differentiated radiologically from adenomas and carcinomas (1) . Since progression or complication risk is negligible, asymptomatic cases can be followed without operation (1) . Six patients were operated with the tentative diagnosis of a myelolipoma and the diagnosis was confirmed by pathology reports in all of them. The criteria of operation for those cases was a mass larger than 4 cm. One case was a sickle cell anemia patient with a 5 cm myelolipoma detected on ultrasonographic examination during a crisis. He was operated for cholecytitis during the mass was subsequently resected.
In conclusion, evaluation of patients with incidentalomas is a team work of endocrinologists, radiologists, and surgeons. Many algorithms for management of adrenal incidentalomas have been proposed.
In our series of Turkish patients with adrenal incidentalomas, patients were evaluated for exclusion of a syndrome of hormone excess or an adrenocortical carcinoma. Subclinical hormone production were detected by laboratory tests while the possibility of a malignancy was evaluated by radiological methods, by CT or MRI. Cases with hormone overproduction, and masses with radiological stigmata of malignancy were operated. Other cases were kept in follow-up to detect subsequent changes in hormone production or size.
About half of the patients operated with the suspicion of malignancy were found to have benign lesions. In the feature improvement of imaging techniques or utilization of new serum markers of malignancy may improve the decision of operation for the tentative diagnosis of malignancy.
Meanwhile, a new study has been launched to determine the clinical significance of subclinical Cushing's syndrome in our patients, which will help us plan feature management guidelines for those patients.
